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Although recommended by several investigators, the benefit of
early surgery in patients with fixed subaortic stenosis has not been
proved . Findings were reviewed of 57 patients with isolated fixed
subaortic stenosis, including 27 surgically treated patients, with
special emphasis on the occurrence of aortic regurgitaliod during
a mean follow-up period of 6 .7 years.
The number of patients with aortic regurgitation increased
preoperatively in the total group (23% at diagnosis to 54% after
3.7 years of follow-up). The prevalence of aortic regurgitation in
the 27 surgically treated patients was higher 181%) than that in
the nonsurgically treated group but remained unchanged after a
Fixed subaortic stenosis is a relatively uncommon acquired
type of left ventricular outflow obstruction . It accounts for
approximately 8% to 20% of all forms of subaortic obstruc-
lions (I) . The extent of the malformation varies from a minor
fibrous ridge on the subaortic ventricular septum to a narrow
fibromuscular tunnel (2.3). Attachment of the abnormal
tissue to the mitral valve apparatus or aortic valve cusps is
frequently found (4-6). Generally, previous reports
(1,7-9)
emphasize the progressive nature of fixed subaortic stenosis,
the progressive damage to the aortic valve and left ventric-
ular myocardium and the risk of endocarditis
.
Many authors (8,10-14) recommend "early surgery" as
soon as the diagnosis is made in the absence of a substantial
subaortic pressure gradient, aortic regurgitation or left ven-
tricular hypertrophy . Because postoperative follow-up re-
ports (10-16) have only described patients who were oper-
ated on in the more advanced stages of the disease, the
benefit of early surgery has not been proved .
In clinical practice we were faced with a strikingly
unpredictable pattern of subaortic pressure gradients, aortic
regurgitation and left ventricular hypertrophy after diagno-
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mean postoperative period of 4.7 years. In aD patients but one,
aortic regurgitation remained of minor hemodynamic signifi-
cance. One patient died during follow-up .
After surgery, 15 patients (55%) showed a relapse ; II rede-
veloped a subvalvular pressure gradient >30 mm Hg and discrete
subvatvular ridges (range 6 months to 24 years after surgery,
mean 7 years) . In those patients with fixed subaortic stenosis,
follow-up did not reveal any benefit from early surgery
. The
unpredictable course and sometimes very severe progression of
this disease make frequent and careful follow-up necessary .
(J Am Coll Cardfot 1992;19:1013-7)
sis, irrespective of surgery
. Frequently, aortic regurgitation
remained of trivial hemodynamic significance for years .
Growing doubt about the benefit of early surgery made us
reconsider management of fixed subaortic stenosis . We
therefore reviewed the clinical course of 57 patients with
isolated fixed subsonic stenosis, with emphasis on the
occurrence of aortic regurgitation .
Methods
Study patients. We studied 57 patients with fixed subaor-
tic stenosis, diagnosed between 1963 and 1990 in the Divi-
sion of Pediatric Cardiology of the Sophia Children's Hos-
pital in Rotterdam
. Only patients with isolated fixed
subaortic stenosis (n = 44) or fixed subaortic stenosis in
combination with congenital abnormalities of the aortic
valve or thoracic aorta (n = 13) were included
. Other
patients with fixed subaortic stenosis associated with con-
genital lesions such as ventricular septal defect or complex
intracardial abnormalities were excluded .
A bicuspid aortic valve was found (and verified at sur-
gery) in eight patients . One underwent valvulotomy of a
stenotic bicuspid valve 5 years before diagnosis and enucte-
ation of fixed subaortic stenosis
. There was moderate aortic
regurgitation and no valvular gradient at the time of the
enucleation in this patient
. In another patient, a mild valvu-
lar aortic stenosis was echographically established shortly
after nucleation of the fixed subaortic stenosis and simul-
taneous closure of a persistent ductus arteriosus
. In six
s035.109719265.013
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patients an aortic coaretatinn was reseclee several years
before diagnosis of fixed subaurtic stenosis, Three of these
patients (in whom the hoed suhaortic stenosis was later
enucleatcd) are among the eight patients with a bicuspid
aoriic valve
. The other three have a mild form of fixed
subaurtic stenosis. In another patient, the fixed subaortic
stenosis was enucleated simultaneously with resection of the
coarelation .
The mean age at diagnosis was 5.9 years (range 7 months
to 13 years)
. The mean age at operation was 8
.5 years (range
3 to 15 years) ; 41 of the patients were male and 16 tamale .
The mean follow-up period of all patients was 6 .7 years
(range 6 months to 28 years) . In some early cases, the
diagnosis was made invasively ; however, in most cases it
was made by orhocardiography,
Surgical history. Twenty-seven patients were operated
on . The indication for operation included a suhaortic pres-
sure gradient >50 mm Hg in most cases (n = 19) . Endocardi-
tis never occurred preoperatively . From 1987 to 1989, a
small group of patients (n = 8) underwent early operation as
recommended in published studies )subaortic pressure gra-
dient <50 mm Hg) .
Eleven patients underwent sharp resection of the obstruc-
tive tissue, the surgical technique of choice in the period
before enucleation
; this was combined with myotomy in five
cases . Enueleation was performed in 16 patients and was
combined with sharp resection of a part of the abnormal
subaortic tissue in 6 of them . The mean postoperative fol-
low-up interval was 4 .7 years (range 3 months to 24 years) .
Thirty patients were not operated on . One of them who
was scheduled for operation (subsonic pressure gradient =
129 mm Hg) died just before operation in 1977 (sudden
death, no autopsy) . The other 29 patients have a mild form
of fixed subaortic stenosis (suhaortic pressure gradient
<50 min Hg and no or only mild aortic regurgitation) and arc
frequently followed up.
Diagnostic methods . For each patient clinical, electrecar-
diographie (ECG), echocardiographic and, sometimes, com-
plementary catlteteriaatiou variables were collected at diag-
nosis
. preeperativciy, postoperatively and at the last
outpatient visit
. When preoperative echocardiographic data
were not available for some early cases, invasively obtained
variables were used .
Aortic
regurgitation
. Aortic regurgitation was classified
with Doppler echocardiographic tracings, color flow map.
ping, angiography and clinical findings . Because a reliable
and detailed classification could not be performed ade-
qualely by reviewing patient reports, we used a simplified
grading classification of aortic regurgitation ; absent, mild,
moderate and severe .
Aortic regurgitation was classilied as mild when clinical
signs of hemodynamicalty significant aortic regurgitation
were absent (only a diastolic murmur), when only a small
regurgitant jet was detectable echocardiographically in color
mode or when aortic regurgitation was evasively estimated
at less than grade 11 on a scale oft to IV
. Aortic regurgitation
Table I . Occurrence of Aortic Regurgitation on Follow-Up in 27
Surgically Treated Patients
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Folbw-up period : d¢gnosis to preoperative (reran 3 years) :
postoperative
to last visit (mean 4 .7 years)h
was classified as severe if the invasively estimated aortic
regurgitation grade was Ill or more • AD other forms were
classified as moderate .
Left ventricular hypertrophy
. Left ventricular hypertro .
phy was echocardiographically defined as segmental or
global thickening of the left ventricular myocardial wall . Left
ventricular hypertrophy was also established by electrocar-
diogram (ECG) (0 = not present, I m
present without and
11 = present with ST-T wave changes) .
Subaortle (rest) pressure gradient . The pressure gradient
in the left ventricular outflow tract was either calculated
from peak velocity Doppler measurements (using the modi-
fied Bernoulli equation) or measured invasively as the peak
systolic pressure gradient derived from pullback pressure
curves in the left ventricular outflow tract . All measurements
were made at rest. Complete and sequential follow-up of the
pressure gradient in individual patients was not possible
because of the lack or Doppler measurements in the early
years of surgery
.
Statistics
. The pressure gradient was compared in patient
groups
with di8'erem grades of aortic regurgitation and left
ventricular hypertrophy with use of the unpaired a test .
Results
Preoperative occurrence of aortic regurgitation (Tables I
and 2). In the total study group (n = 57), 18 patients (32%)
with fixed subaortic stenosis had mild aortic regurgitation at
diagnosis . Moderate or severe aortic regurgitation at diag •
nnsis was not found . After a mean follow-up period of 3.7
years (3 years to operation in the surgical group and 4 .4
years until the last outpatient visit in the nonsurgical group),
Table 2. Occurrence of Aortic Regurgitation During Follow-Up in
29 Nonsurgically Treated Patients
Aonk Rngurplalion
I% With
None Mild Men rate
Scmre
Regurgitation
Diagnosis 23 6 21
Last visit 21 8 - 27
Follow-up period: diagnosis w last visit (mew 4.4 years) .
Aortic Reg¢rgitatien
No ., Mild Moderate Severe
1 With
vetareitatlon
nognos,e 16 II - 41
Fseopvalrso 5 16 5 St
Posfopenlivc 7 17
3
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5
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Figure 1 . Relation between prpperative IPREOP) subaortic pres-
sure gradient and aortic regurgitation (ARI in 57 patients
. Mean
values and SD are shown for each group. Invasively and Doppler-
derived values are separately marked . CATH = catheterivmion:
ECHO - echucardagraphy; PSG = peak Sysreke gradient .
the number of patients with aortic regurgitation had in-
creased to 31 (54%) . Only six patients had developed mod-
erate aortic regurgitation shortly before operation . Severe
aortic regurgitation was not found . Four (50%) of the eight
patients with a bicuspid aortic valve had aortic regurgitation
preoperatively (mild in two and moderate in two)
. In review-
ing the surgical and nonsurgical patients separately, a higher
prevalence of aortic regurgitation was found in the surgical
group .
Preoperative s ilaurfic pressure gradient: correlation with
sortie regurgitation and left ventricular hypertrophy. Al-
though we have not been able to demonstrate an increasing
subaortic pressure gradient during follow-tip in each patient.
we found a correlation between the fixed subaatic pressure
gradient and the preoperative occurrence of aortic regurgi-
tation (Fig
. I). The subaortic pressure gradient was signifi-
cantly higher in patients with mild or moderate aortic regur-
gitation (p < 0 .001)
. No further significant difference could
be
found between patients with mild and moderate aortic
regurgitation .
A similar correlation was found between the subaortic
pressure gradient and the preoperative left ventricular hy-
pertrophy grade (found on ECG or with echocardkrgraphy)
(Fig. 2). The subaortic pressure gradient was significantly
higher, with increasing signs of ECG left ventricular hyper-
trophy and strain Ip = 0 .1)08 and 0.009, respectively) . In the
nonsurgical group of 30 patients, I patient with a high
pressure gradient of 129 mm Hg died just before operation .
In the other 29 patients, the subaortic pressure gradient
remained low during follow-up (mean 18 mm Hg, range 10 to
35 mm Hg) .
Postoperaliveaortic regurgitation
. Twenty-sevenpatievis
were operated on. Immediately after operation 20 patients
174%) had aortic regurgitation (17 mild, 3 moderate, none
severe) (Table 1) . Aortic regurgitation generally remained
-, VRIES ET AL.
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Figure 2 . Relation between preoperative (PRFOP( subaortic pres-
sure gradient and left ventricular hypertrophy ILYHI
g
rade. in 57
patients . a s estahlished eleetrocatdiugraphically (ECG). If left ven-
tricular hypertrophy was alsofeund eehocardiagmphicatly IECHO) .
this was separately indicated . Mean MUM and SD arc shown for
each group. LVH 0 = no left ventricular by peArophy ; LVH I = left
ventricular hypertrophy without ST-T changes: LVH Il = left
ventricular hypertrophy with ST-T changes,
unchanged immediately postoperatively (n = 13). although
mild aortic regurgitation disappeared in two patients and
moderate aortic regurgitation became mild (n = 4) or disap-
peared (n - 1) in five patients. One patient had mild aortic
regurgitation after operation that had not been found earlier .
In two patients aortic regurgitation worsened from mild to
moderate.
After a mean postoperativefollow-up period of 4.7 years
(range 3 months to 24 years), all patients were alive . Aortic
regurgitation was present in 22 patients (8) %) and was mild
in 16 and moderate in 5 (Table 1). Severe aortic regurgitation
developed in one patient 6 months postoperatively . Aortic
regurgitation remained unchanged in 18 patients during this
postoperative follow-up period and became worse in 2
patients. In another two patients aortic regurgitation newly
developed (mild in one, moderate in ones after operation .
Aortic regurgitation was found immediately postoperatively
in four of the eight patients with a bicuspid valve and in five
of them after a mean follow-up interval of 4 .5 years (mild in
three, moderate in tw'o) .
Follow-up after early magical treatment of fixed sulatorde
ttenasis. Only 1 of the grasp of 27 surgically treated patients
underwent operation at a relatively mild stage of fixed
subsonic stenosis in the years 1987 to 1989
. They had a
preoperative subaortic pressure gradient <50 mm Hg (mean
29 mm
Hg), no left ventricular hypertrophy Rod no or only
mild aortic regurgitation . the fixed subaortic stenosis was
properly enucleated in all. After a mean postoperative period
of 1 .2 years (range (Y months to 2 years), a fixed suhaeric
slenosis with a
subtonic
pressure gradient >30 mm Hg had
already redeveloped in two patients . In one patient aortic
regurgitation became aggravated and in another, global left
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ventricular hypertrophy developed, The remaining 19 pa-
tients underwent operation during a more advanced stage of
the disease, with a preoperative subaortic pressure gradient
-50 mar Hg.
Preoperative development of aortic regurgitation, left ven-
tricular hypertrophy and large subaortic pressure gradient in
patients with initially mild fixed suhaortic stenosis . On review
of the preoperative course of the 19 patients who underwent
surgery during a more advanced stage of subsonic stenosis,
we found that a group of 14 patients with an initially low
subaortic pressure gradient 1<20 mm Hg), no or mild aortic
regurgitation (79 and 21%, respectively) and left ventricular
hypertrophy in only 21%. At operation, after a mean pre-
operative follow-up period of 4,7 years (range I to 8), the
mean pressure gradient had increased to 70 mm Hg (range 25
to 118) and eight patients (57%) had mild aui lie regurgitation
and five (36%) had moderate aortic regurgitation . Let) ven-
tricular hypertrophy was present in I I patients J79%) .
On review of the 29 nonsurgically treated patients, we
found a similar hemodynamic status at diagnosis but no
substantial progression of disease after a comparable fol-
low-up period
. After 4 .4 years (range 6 months to 13 years),
the r z,n pressure gradient remained :20 mm Hg. Mild
aortic regurgitation was present in only eight patients (27%)
and left ventricular hypertrophy in only four (14%) . All were
symptom free at the last outpatient visit . In comparing both
groua: at diagnosis, no substantial difference that could
account for this different course could be found .
Recurrence rate and postoperative complications . In the
surgical group as a whole, IS patients showed recurrent
stenusis, redeveloping a pressure gradient in the left veatric
ular outflow tract ?30 mm Hg . A residual pressure gradient
directly after operation was present in five patients . In 1I of
these patients a new ridge, visualized echocardiographically,
had been formed
. Rooperation has already been performed
in four patients and is being considered for two others .
Complications directly related to surgery were (aggravation
of) aortic regurgitation (n = 3), mild mitral regurgitation (n =
4) and left hundle branch block (n = 2)
. These complications
remained unchanged at later follow-up .
Discussion
Although strongly associated with congenital malformations,
most evidence suggests that fixed subaortic stenosis is
acquired (S-ID).
We also found a clear association with
congenital aortic malformations in our study group
. Other
congenital malformations were excluded, because a hemo-
dynamic state too different before nod after surgical repair
would be expected to influence follow-up results (7,16,17).
Fixed subaortic stenosis was not identified in newborns
. The
youngest child in on- study group was 7 months old at
diagnosis
. Many arguments have been proposed (3 .8 .12) for
the pathophysiologic concept of a primary hemodynamic
abnormality in the left ventricular outflow tract, underlying
the structural abnormality in fixed subaortic stenosis
.
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Subaortic
obstruction,
aortic regurgitation and left ventric-
ular hypertrophy . It is generally proposed )7,9,12,18,19)
that in this disease there is progressive obstruction of the left
ventricular outflow tract and development of aortic regurgi-
tation and left ventricular hypertrophy (appropriate or not) .
We also found an increase in the incidence of aortic mgrr-
gimtion during follow-up study . Furthermore, correlations
were found between the subaortic pressure gradient ai;d
aortic regurgitation and left ventricular hypertrophy grade .
These correlations seem to support the pathophysiologic
concept of progressive damage to the aortic valve by the
high velocity jet in the left ventricular outflow tract and
progressive hypertrophy of the myocardium secondary to
the subvalvular obstruction . Nevertheless, despite these
correlations, the exact causal relation between the hypertro-
phy and the fixed subaortic stenosis remains ill defined .
Moderate aortic regurgitation was found in only 6
of the
57 patients and severe aortic regurgitation in only 1 . In most
cases, however, aortic regurgitation remained of minor hemo-
dynamic significance during follow-up regardles of surgical
treatment. Also, in the eight patients who had a bi ; ;uspid aortic
valve, aortic regurgitation remained of minor significance be-
fore and after operation, with an even lower occurrence (81%
vs. 81% in the total surgical group)
. Bacterial eudocardids, as
an important cause of aortic regurgitation in these patients,
never occurred before operation. One patient with a recurrent
stenosis and mild aortic regurgitation developed endocarditis
24 years after the first resection.
I:npredictabi ity in
the progression of fined subaortic ste-
nosis. Most striking was the unpredictability
of
progression .
Sometimes, barely any progression of aortic regurgitation
and gradient or left ventricular hypertrophy was found
for
several years . In contrast, rapid deterioration to severe
subvalvular obstruction with left ventricular hypertrophy
(possibly secondary) and development of mild to moderate
aaric regurgitation was sometimes observed . Although we
describe an inhomugeneous study group of surgical and
nonsurgical patients with different rime courses and improv-
ing diagnostic possibilities and changing criteria for opera-
tion, we believe these differences in progression to be so
striking that it scemsjustified to emphasize them as a reliable
illustration of the problems in the management of this
complicated disease .
Theoretically these differences could be explained by the
presence of an initially mo-c diffuse form of fixed subsonic
stenosis in the more progressive cases . Indeed, several
investigators (8,10,20) suggest that different poshophysio-
logic mechanisms in fixed subsonic stenosis cause specific
forms that have a different course and postoperative out-
come ; however, we could not discover any constant mor-
phologic or hemodynamic finding at diagnosis that could lead
to a classification with satisfactory prognostic, predictive
implications .
Surgery far fixed subaortic storm
. In general, the first
operation for fixed subaortic stenosis is described as a safe
procedure with a low mortality rate, especially when carried
IACC Vet. IC, Nn. 5
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nut at a relatively mild stage (11,12-1? .35) . Postoperative
morbidity and recurrence rates, however, are high
11 .10,13-
15). There is an ongoing debate about what treatment provides
the best relief and the best long-term results . Surgical tech-
niques and riming of operation have bean discussed in many
folluve-up studies. Recnntly, early operation has generally been
recommended for fixed subaortic stenosis how-
ever, a prospective study of the results of surgical enucleation
in patienisdireedy after diagnosis or in patients with mild fixed
subs ctic stenosis Ii, not yet been performed. Also, in our
study. the number of patients who uaderwent operation during
a mild stage was too small to be conclusive on this issue. What
we haveleamed from many studies,and have confirmed in This
study, is that the recurrence rate (occasionally after early
cnucleationl and postoperative morbidity arc high . Should we
take these risks in operating on patients who might possibly he
in Stable condition aid symptom free . with only raid fvcd
subaortic stenosis, for years" We agree with others (1S) that as
long as our knowledge of the natural history and postoperative
nurse, especially of the mild form of the condition, is incom-
plete, a definite recommendation for early operation cannot be
given .
Finally, the tremendous developments in high quality
echocatdiographic imaging techniques indicate that we have
just started to learn about the morphologic details of this
complicated disease (7,21). With new applications, such as
transesophageal and intraeperative epicardial echocardiog-
raphy, more detailed and important information about fixed
subaortic stenosis has become available at operation and
during follow-up (22-25). This in corn has led to more
frequent, earlier and more detailed primary diagnoses .
CieneMsinns, Fixed subaortic stenosis is adisease with an
unpredictable course and a sometimes severe progression . The
recurrence rate is high. Surgical treatment should be under-
taken in patients wills a mild form of
the disease only if
progression occurs. Careful and frequent clinical and echocar-
diugraphic examination should be carried out in all patients.
Addendum
Recently, transluminal balloon dilation for discrete subaortic
stenosis has been advocated as a useful complement to
surgical therapy (26) . Although a substantial reduction of the
gradient can also be achieved at follow-up, in our opinion
this procedure may have hazardous sequelae . Because the
discrete subaortic stenosis is often morphologically related
to the mitral valve apparatus, mural valve dysfunction may
occur, We therefore will not recommend transluminal bal-
loon dilation for these patients.
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